Cite as: Brandão, T. S. O., Pinho, L. S., Teshima, E., David, J. M., & Rodrigues, M. I. (2019). Optimization of a technique to quantify the total phenolic compounds in jambolan (Syzygium cumini Lamark) pulp. Brazilian Journal of Food Technology, 22, e2018158. https://doi.org/10.1590Technology, 22, e2018158. https://doi.org/10. /1981 Abstract There are various known extraction methods that can be applied to the quantification of phenolic compounds, and thus it is up to the researcher to perfect the process that best applies to the sample in question. Different extraction solvents (liquid-liquid extraction) were compared in order to assess their effectiveness for the analysis of total phenols in jambolan (Syzygium cumini Lamark) pulp extract using the conventional Folin-Ciocalteau methodology. Three CCRDs (Central Composite Rotational Designs) were carried out to evaluate the factors influencing the extraction process conditions. The variables studied were the solvent concentration (ethanol and methanol, diluted in water) and the mixing time in the compound extraction process. Of the conditions studied, it was shown that a 60% ethanol in water extraction solvent with a mixing time of 10 minutes, in addition to extracting a greater concentration of phenolic compounds, showed the greatest cost benefit advantage, since ethanol is cheaper and less toxic than methanol.
Introduction
The phenolic compounds are secondary metabolites of vegetable products, forming an extensive complex group as responses to ecological and physiological pressures (Vermerris & Nicholson, 2006; Silva et al., 2018) . They are commonly found in plant sources and can be defined as substances that have at least one hydroxylated benzene ring. The phenolic compounds have been reported as having a variety of biological effects, including antioxidant activity, which has created a great impact on human activities in the agroindustrial and food sectors (Inglett & Chen, 2011; Kamboj et al., 2015) .
Syzygium cumini (L.) Skeels (Sin. Eugenia jambolana Lamark, Myrtaceae) is a tropical perennial leafy tree that originated in India and Sri Lanka. The fruits are ovoid, fleshy, dark purple and single seeded and have a sweet, astringent flavor, ripening between the months of January and March. They grow spontaneously in hot climates and are well known in Brazil, where they are popularly known as "jamelão", "jambolão" or "black olive" because of their ovoid fruits (Sehwag & Das, 2014; Lima et al., 2007; Lorenzi et al., 2006) .
There are indications that the extractive yield of bioactive compounds, and even their pharmacological properties, in the present case, the ability to deactivate free radicals, are influenced by the method and solvent used (Veber et al., 2015) . There are a variety of studies that have shown the importance of sample preparation in chemical analyses, and attention to this question is growing in the determination of phenolic compounds in vegetable products, particularly in fruits. Sample preparation is a critical step in the analysis, since errors can be incorporated into the final results. This is even more significant in real samples in which the component matrix is biologically active, and the analytes represent a vast spectrum of compounds, many of unknown identity (Luthria, 2006; Antolovich et al., 2000; Bailão et al., 2015) . Knowledge of the factors that influence processing conditions is required to improve the extraction efficiency of any bioactive compound (Pompeu et al., 2009) .
With respect to the extraction of phenolics from fruits, there is no single way of selecting the most efficient methodology, since it can suffer the influence of various factors. Of these one can cite the physiological state of the fruit when harvested, the storage conditions, the solvent used in extraction, the surface contact area, their interaction with other components in the matrix, the extraction technique, and the extraction time and temperature (Luthria, 2006; Shahidi & Naczk, 1995; Kamboj et al., 2015) . Thus, various extraction methods exist which can be applied in the quantification of phenolic compounds, it being necessary to perfect the process that best suits the sample of interest.
It is known that the quantitative determination of polyphenols is hampered by their structural complexity and diversity, however, several methods have been used to determine polyphenols in plant extracts (Blainski et al., 2013) . Chromatographic methodology is considered to be the most important analytical tool in the quantitative determination of phenolic compounds, the traditional colorimetric methodology frequently being employed for this purpose since it is quick to use, applicable in routine laboratory use, and of low cost (Blainski et al., 2013; Cicco & Lattanzio, 2011; Pizarro et al., 2013 The traditional methodology for the determination of phenolic compounds dates from 1912 and was improved by Professor Vernon Singleton during the 1960s and 1970s. The basic mechanism is an oxidation/ reduction reaction, with the phenolic group being oxidized and the metal ion reduced (Agbor et al., 2014; Kamboj et al., 2015) .
The objective of this study was to standardize the extraction methodology for the quantification of phenolic compounds in jambolan using a central compound rotational design (CCRD).
Material and methods
Mature jambolan fruits were picked on the State University of Feira de Santana (UEFS) campus, Brazil, and selected according to their state of conservation. The whole pulp was extracted using an industrial fruit pulper (Itametal).
The strategy for the optimization of the total phenolic compound determination was based on studies that indicated that the preparation of a sample for the extraction of phenolic compounds is influenced not only by the constituent phenolics, but also by the type of solvent used. Different solvents result in significant variability in the phenolic concentration, apart from the influence of the concentration of the extracting solution (Luthria, 2006) .
A 2 2 central composite rotational design (CCRD) with 3 central and 4 axial points, was chosen to investigate the effects of mixing time and solvent concentration in the optimization process for the extraction of phenolic compounds from jambolan pulp. The axial points were used to determine the degrees of freedom and evaluation of the quadratic equation, and the central points to evaluate the intermediate conditions to the extremes studied, in addition to the repeatability of the process. The statistical project was carried out according to Rodrigues & Iemma (2012) .
The solvents were ethanol/water, methanol/water and ethanol/methanol/water. Three CCRDs were carried out, one for each solvent, each with 11 trials and with the addition of 6 control trials for each CCRD (100% water and 100% solvent), and the experiments were carried out in a random order. The choices of the variables and the ranges of values studied were chosen according to preliminary tests and a literature review. Table 1 shows the real and coded experimental values used. It can be seen that according to the solvent (ethanol or methanol, dissolved in water) ratio used, the solvent concentration varied from 8% to 80%, and the mixing time varied from 10 to 30 minutes. In order to obtain the maximum amount of information and the best conditions to define the solvent concentration, the data set was analyzed using the concentration of phenolic compounds expressed in mg/100 g pulp. The statistical analysis was carried out using the STATISTICA 7.0 software (Statsoft Inc., Tulsa, OK, USA).
The extracts were prepared from the frozen pulp using the solvent concentrations determined in the experimental designs as the parameter, the concentrations varying between 8% and 80%. To prepare the extracts, conical flasks containing the extraction solution and the pulp were submitted to constant shaking in a shaken incubation chamber at room temperature (28 °C), the extraction time varying between 10 and 30 minutes. After mixing, the mixtures were filtered under vacuum to obtain the extracts. The concentration of total phenolic compounds was determined according to the conventional spectrophotometric procedure developed by Folin-Ciocalteau (Singleton & Rossi, 1965) and adapted by Georgé et al. (2005) . Gallic acid was used as the reference to prepare the standard curve and the results were expressed in mg gallic acid per 100 g of pulp. All the extracts and the gallic acid were dissolved in distilled water. The reaction medium, which consisted of 500 µL of the ethanolic extract plus 2.5 mL Folin-Ciocalteau solution (1:10) and 2.0 mL of a 7.5% sodium carbonate solution, was prepared in 10 mL test tubes. The tubes were shaken, placed in a water bath at 50 °C for 15 minutes, and the absorbance then measured at 760 nm. As described by Verza et al. (2007) , the blanks were obtained by substituting the sample volume with distilled water, maintaining the same amounts of Folin-Ciocalteau reagent and sodium carbonate solution. Table 2 shows the results obtained for the concentrations of phenolic compounds in the three CCRDs using the different extraction solutions. Table 2 . Coded values (x1 and x2) for the variables studied in the designs and the responses for phenolic compounds corresponding to the extraction solutions of ethanol (Y1), methanol (Y2) and the ethanol/methanol mixture (Y3). It can be seen that the best results for phenolic compounds were obtained with the solvent ethanol (Y1), varying from 312 to 434.8 mg/100 g fruit pulp. The values were between 293.5 and 350.7 mg/100 g for the solvent methanol (Y2), and between 220.6 and 304.2 mg/100 g pulp for the mixture of the two solvents (Y3). The values obtained using 100% aqueous extraction or 100% solvent extraction were much smaller than those obtained using solvent/water solutions.
Results and discussion

Trials
The jambolan pulp treated with 60% ethanol as the solvent and a mixing time of 10 minutes (Test 5) showed a higher phenolic compound content (434.8 mg/100 g) than those found by other authors. Under these conditions, in addition to presenting a greater concentration of phenolic compounds, it showed the greatest cost benefit advantage, since in addition to being cheaper, ethanol is less toxic than methanol. In a study carried out by Kuskoski et al. (2006) , using the same methodology and solvent, the ethanolic jambolan extract showed a value of 229.6 ± 13.6 mg/100 g, Luximon-Ramma et al. (2003) , found 235.9 mg/100 g in a acetone/methanol/water extract, and Faria et al. (2011) , found 148.3 mg/100 g in a methanol/water extract. However, a higher concentration (930.4 mg/100 g) was obtained by Vizzotto & Pereira (2008) solvent methanol and expressing the result in mg of chlorogenic acid equivalents/100 g fresh sample.
According to Veber et al. (2015) , 50% ethanol/water extracts provide the largest total phenolic compound contents, independent of the plant material studied. This suggests that apart from the solvent used in the extraction, variations in the climate and in the state of maturation of the fruit can also influence the biosynthesis of these compounds (Vizzotto & Pereira, 2008) . Table 3 shows the values obtained for the regression coefficients and the corresponding p-values. The level of significance established à priori in the statistical analysis was 10%, since the raw material was obtained from a fruit, different from processes where there is greater standardization and control of the system under study. The ANOVAs were carried out (Table 4) for the different solvents studied, considering only the terms statistically significant at p < 0.10. It can be seen at the Equation 1, that a re-parameterized codified model expressing the concentration of phenolic compounds as a function of the variables studied could only be obtained for the response Y1 (CCRD using an extraction solvent of ethanol): 
As can be seen from the table of results, this occurred because only the design using ethanol as the solvent showed a significant variation in the responses as a function of the conditions studied in the CCRDs, allowing one to obtain the response surface and contour curves for this response as shown in Figures 1A and 1B . Thus, as observed by Borges et al. (2011) , within the range studied of from 10 to 30 minutes, the mixing time affected the response. It was shown in the present experiment that an increase in extraction time reduced the concentration of phenolic compounds. The ethanol concentration can be established at about 60%, the central condition of the design (Figure 2 ). This same solvent concentration (60%) was used by Kuskoski et al. (2006) , to obtain ethanolic and methanolic jambelon extracts. As observed in the present study, higher concentrations of phenolic compounds were obtained in the ethanolic extracts (Kuskoski et al., 2006 ) when compared to the methanolic extracts.
As from the optimized results, the extraction conditions and quantification of the total phenolic compounds was validated. The analyses were carried out in triplicate with a solvent of ethanol at concentrations of 50% and 60% and mixing times of 5 and 10 minutes. The means difference test was applied to evaluate the difference between the conditions studied.
The Tukey's test (Figure 3 ) carried out on the validation trials showed that the extraction with 50% ethanol for 5 minutes was statistically different from the other conditions, giving a lower concentration of phenolic compounds/100 g pulp. The extraction conditions of 50% ethanol for 10 minutes and of 60% ethanol for 5 minutes were not statistically different. The treatment carried out with 60% ethanol for 10 minutes extracted the greatest amount, namely 394.9 ± 13.04 mg of phenolic compounds/ 100 g pulp. Although the Folin-Ciocalteau method is the one most used to quantify phenolic compounds, the FolinCiocalteau reagent can interact with other, non-phenolic chemical compounds such as carotenoids, amino acids, sugars and vitamin C, which can lead to an overestimation of the total phenolic compounds (LuximonRamma et al., 2003; Georgé et al., 2005) . Thus some authors have suggested an additional step in the analysis of the total phenolics, that is, the quantification of ascorbic acid or its destruction by heat or acid conditions, as carried out by Vinson et al. (2001) , considering that the ascorbate reacts with the Folin (oxidation-reduction reaction). According to Luximon-Ramma et al. (2003) , faced with all the limitations, it might be more adequate to use the term Folin-Ciocalteau index instead of total phenolic compounds. However, this point was not considered in the present study.
Thus, this study presented a protocol for the extraction and determination of the total phenolic composition of jambolan pulp, with an effective reduction in the number of experiments and improved quality in the analysis of the results. The use of this statistical tool was highly useful in the development of the analytical procedures and could be used for other fruit pulps.
Conclusion
The use of an experimental design indicated the most adequate conditions to obtain the best results for the total phenolic concentrations. It was shown that, under the conditions of the experiment, it was possible to find the ideal conditions for the system: 60% ethanolic extraction solution in an aqueous medium as the best concentration and solvent, used with a mixing time of 10 minutes, resulting in the determination of a phenolic compound concentration to the order of 414,9 mg/100 g jambolan pulp, considering the mean of the concentrations of the triplicates used in the validation and the triplicates of the CCRD.
